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Envenomation with poisonous snakes is a major problem in India especially in rural areas among the farming community. The true burden of morbidity and mortality from snake bites is not known. The Registrar General of India\'s "Million Death Study" indicated that in 2005 snake bites caused 45,900 deaths (99% CI: 40,900--50,900) in India.\[[@ref1]\] Assuming that there are 100 nonfatal bites for each fatal bite, there could be as many 4.6 million snake bites in India each year.\[[@ref2]\]

The only effective measure to prevent or reverse most of the manifestations of venomous snake bite is the timely administration of snake antivenom. In India, polyvalent anti-snake venom (ASV) raised in horses using venoms of four important venomous snakes in India viz. Indian cobra (*Naja naja*), Indian krait (*Bangarus caeruleus*), Russell\'s viper (*Daboia russelii*) and saw scaled viper (*Echis carinatus*) is widely used in the management of snake bites.

Several factors justify region specific surveillance of ASV use. Polyvalent ASV cannot be assumed to be uniformly effective in all poisonous snake bites. With the recognition of other snake species occurring in localized areas of the country, the concept of "Big Four" is being increasingly challenged.\[[@ref3][@ref4]\] Moreover, the phenomenon of intraspecies variation in venom composition and varying antigenicity is also well-documented\[[@ref5][@ref6][@ref7]\] and may have a major effect on the efficacy of antivenoms especially in regions away from the source of immunizing venoms.\[[@ref8]\] Besides, other problems associated with ASV use are the occurrence of hypersensitivity reactions, lack of evidence for optimal dosing schedule, high cost, limited availability and possibility of inappropriate use.\[[@ref9]\]

With this background, we undertook the present study with the objective of examining ASV use, premedication, early adverse reactions to ASV and clinical outcomes in snake bite patients in our setting. Identification of risk factors associated with mortality obviously has important implications for physicians and policy makers. Hence, we have assessed risk factors associated with mortality from snake bite.

Subjects and Methods {#sec1-2}
====================

This retrospective observational study was conducted at two tertiary care teaching hospitals affiliated to the same institute. The study was approved by Institutional Ethics Committee. All indoor patients of snake bite with documented use of ASV during the period of July 2010 to June 2013 were included in the study. The patients whose hospital records were missing or grossly inadequate were excluded.

The protocol for the management of patients with snake bite in these centers is as follows. All patients with suspected snake bite are admitted to Intensive Care Unit. They are monitored for at least 24 h. ASV is administered to patients showing signs of systemic envenomation like clinically important coagulation abnormality or systemic effects such as ptosis or respiratory weakness. The initial and repeat doses of ASV are administered as clinically indicated. The Intensive Care Unit of these centers is equipped with ventilators and has facilities for hemodialysis.

The medical records of enrolled patients were reviewed to extract information regarding demographics, type of snake bite and its severity, details of ASV administration, premedication, occurrence of early adverse reactions to ASV, clinical outcomes etc. This information was then entered in a structured proforma. Early reactions were defined as reactions occurring within 24 h of ASV administration.
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### Statistics {#sec3-1}

Data were entered in Microsoft excel sheets. Descriptive statistics was used to express results about ASV use, early adverse reactions to ASV, premedication and clinical outcomes. For assessment of risk factors, statistical analysis was done using statistical software SPSS for windows, version 22.0. U.S.A. Proportions and percentages were obtained. Chi-square test and Fischer\'s exact test were applied to check the association of different factors like age, gender, time gap, type of snake bite, total dose of ASV and mechanical ventilation with mortality. Binary logistic regression analysis was done to find out the significant and best predictor for mortality. The factors, which were significant (i.e. *P* \< 0.05) in univariate analysis, were used for multivariate analysis. "Enter method" was applied for the binary logistic regression.

Results {#sec1-3}
=======

After application of inclusion and exclusion criteria, data of 176 patients were available for analysis. Three patients were excluded due to grossly inadequate or missing information in medical records. Information regarding time gap between snake bite and ASV administration was not available for 30 patients, and one patient of neurotoxic snake bite died on arrival before administration of ASV. Univariate and multivariate analysis were performed for six factors viz. age, gender, time gap between snake bite and ASV administration, type of snake bite, total dose of ASV and use of mechanical ventilation. Thirty patients for whom information about time gap was lacking (this included four patients with no apparent indication for ASV) were not included in univariate and multivariate analysis.

Snake bite predominantly affected young males. The most common site was lower limb \[[Table 1](#T1){ref-type="table"}\]. Approximately, 70% of patients received ASV within 6 h of bite (results not shown). The main indication for ASV was vasculotoxic snake bite in 75% of cases followed by neurotoxic snake bite in 16% of cases \[[Table 2](#T2){ref-type="table"}\]. Four patients received ASV without clinical signs of systemic toxicity. These patients were referred from the periphery and received one vial of ASV before admission to study site. There were eight incidences of early adverse reactions to ASV in seven patients (4%). Mortality was seen in nine patients. Eight of these suffered from neurotoxic snake bite.

###### 

Demographic and other baseline characteristics of patients of snake bite
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###### 

Indication, dose of ASV, premedication and clinical outcomes (*n* = 176)
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In univariate analysis, age \<18 years, neurotoxic type of snake bite, use of mechanical ventilation, and time gap of more than 24 h between snake bite and administration of ASV were significantly associated with mortality \[[Table 3](#T3){ref-type="table"}\]. Of these, neurotoxic snake bite showed a statistically highly significant association with mortality. ASV requirement of more than 30 vials showed marginally higher mortality, but it was not statistically significant. Mortality was also higher in males than in females (6.8% vs. 3.4%) but it was not statistically significant. In binary logistic regression \[[Table 4](#T4){ref-type="table"}\] only neurotoxic type of snake bite was found to be significant predictor of mortality.

###### 

Use of polyvalent ASV and risk factors for mortality from snake bite in tertiary care setting-An univariate analysis

![](IJPharm-47-270-g003)

###### 

Use of polyvalent ASV and risk factors for mortality from snake bite in tertiary care setting-A binary logistic regression analysis
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Discussion {#sec1-4}
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Snake bite remains an important occupational hazard in South-East Asia region. The use of polyvalent ASV greatly reduces morbidity and mortality from poisonous snake bite.

Overall mortality in this study was 5%. But it was disproportionately higher for neurotoxic snake bite. Neurotoxic snake bite accounted for about 16% of total snake bite but about 90% of deaths. Multivariate logistic regression analysis indicated neurotoxic snake bite as an independent predictor of mortality. Higher mortality for neurotoxic snake bites has been reported previously in Maharashtra\[[@ref10][@ref11]\] and elsewhere.\[[@ref12]\] Neurotoxicity and respiratory paralysis were found to be important risk factors for mortality in patients with snake bite.\[[@ref13][@ref14]\]

Several factors may be responsible for the inadequate efficacy of ASV in treating neurotoxic snake bite.\[[@ref15]\] Firstly snake venom is not a homogenous toxin but a complex combination of multiple toxins with different neurotoxic properties. Though the effect of some post synaptically active neurotoxins can be antagonized by ASV or anticholinesterases, the action of other postsynaptically active neurotoxins that bind almost irreversibly with nicotinic acetylcholine receptor is not readily reversible. Moreover, presynaptically active neurotoxins with phospholipase activity cause degeneration of the motor nerve terminal. Clinical recovery is slow and depends on the regeneration of motor nerve terminal. Hence, treatment with ASV or anticholinesterases is unlikely to be effective in presynaptic toxicity and incomplete recovery, and delayed effects are more likely. Pharmacokinetic properties of venom and antivenom also have important pharmacodynamic implications. Antivenom which is largely confined to vascular compartment may not effectively neutralize the effect of highly diffusible low molecular weight toxins such as neurotoxins with a high volume of distribution.\[[@ref16]\] Thus early administration of antivenom, before toxins bind to target sites could be crucial in neurotoxic snake bites. Secondly polyvalent ASV may be less effective or noneffective in snake bite caused by other venomous species, besides "Big Four" and even in case of "Big-Four" due to geographical variation in venom composition.\[[@ref2]\] And lastly it is noteworthy that availability of ASV in Government Hospitals is largely dependent on supply by manufactures. A recent study indicates that ASV produced by different manufactures using the same source of venom may not be identical in their therapeutic potential.\[[@ref17]\]

More than one-fourth (28%) patients in our study required 30 or more vials of ASV. Almost half of the patients with neurotoxic snake bite required 30 or more vials. Use of high dose ASV has been reported previously by various authors.\[[@ref18][@ref19]\] Higher requirements of ASV are suggestive of low potency. In addition, there may be increased risk of dose-related adverse effects including anaphylaxis.\[[@ref2]\]

Low frequency (about 4%) and mostly mild to moderate severity of early adverse reactions to ASV in our study suggest that this should not be an important concern in the treatment of snake bite. Prophylactic premedication with hydrocortisone and pheniramine or hydrocortisone alone in more than two-thirds of patients and use of neostigmine in almost all patients with neurotoxic features without prior "edrophonium test" in our study are not concordant with standard guidelines.\[[@ref20]\] It points to the need for continuing medical education of physicians on all aspects of treatment of snake bite.

The strength of our study is consideration of three years data from two Tertiary Care Centers affiliated to the same institute. The important limitation is the retrospective nature of the study. As patients with grossly inadequate data or missing information were excluded, results may have been underestimated. It was also not possible to know the exact species of snake or ASV preparation used in an individual patient.

Given the problems associated with currently used polyvalent ASV, a brief account of important recent developments in this area would not be out of context here.

Venomics is a relatively new science. It involves techniques and strategies for assessing the toxin composition of snake venoms directly through proteomics-centered approaches or indirectly via high-throughput venom gland transcriptomics and bioinformatic analysis. Venomics analyses have revealed that snake venoms are mixtures of pharmacologically active proteins and peptides synthesized from several tens to a few hundred of unique gene products, which, however, belong to only a handful (\<13) of toxin families. The usefulness and validity of antivenomics-the translational venomics has been extensively demonstrated in *in vivo* standard preclinical assays. Developments in venomics and antivenomics are likely to revolutionize the design and preclinical assessment of antivenoms by bringing to bear technologies that enable us to evaluate imprecision that exist in current methodologies, and get to heart of the problem by being able to design and test new antivenom preparations developed using these dynamic platforms.\[[@ref2][@ref21]\]

Oral administration of ASV may also become possible in near future. Entrapping multiple components of antivenom in alginate, an economic, biodegradable polymer have been shown to retain the functional property of the antivenom even after intestinal absorption and suggest possibility of the development of an orally effective first aid against snake envenomation, thereby increasing chances of survival of the victim.\[[@ref22]\]

Conclusion {#sec1-5}
==========

Important findings of our study are higher mortality in neurotoxic snake bite, high ASV dose (\>30 vials) requirement in one-fourth of patients and excess use of prophylactic premedication and neostigmine. In future, development of region specific, highly potent antivenom, and prospective evaluation of its safety and efficacy is needed. Development of appropriate local guidelines and training of physicians involved in the treatment of snake bite is equally important.
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